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EmmiARY ,,

A methoaofdesigningva?.ielessdiffusers,usingdatagivenfor
simpleconicaldiffusers,ispresented.Therateof expansitinof.
theflowareathrol~ghthediffuseriafolndintermsofariequitia-‘:
lentconelaidoffalol,gthelogarithuScSpiralhavingan angle
equalto that,f~rtheopttil,~fiowconditionof%e imFeller.,, ,..,

A fam:lyofdiffuserswi~nequivalentconeanglesof4°,6°)
ar.d6°~allhavingthesametwoat height)wasdesignedandex’peri-.:
mentallystudied.A secondseries,ofdiffusersjhavingthroats
equalto 62,72,and93percentoftheheight’justbeyond‘the
impelleroutlet,andallhavingtheconeanglecorrespondingto the’
bestperformanceinthefirsttests(60),wagthenconst~~cted.A
diffuserwiththe6°equivalent’coneanglewilda ccmtractloriratio
~f0.72wasfoundto,havethehi@esteffici,ericyjabout0.83at the,
diffuserexita+ tipspeedsof900to 1200”f6e”tpersecond,The
improvedperformancewiththeforqmentioneddekignparameterswas N’
partfcu?,arlynoticeableat higl.loadsandtip.~p’keds. ..

,.

INTRODUCTION .-
Thedemandforimproveddiffuserperformancebecomesincteasi@y

Insistentwithrefinementin ‘mpallerdesignand.emphasisonhi~h
compressoreffici.eqcies.As a deviceforachievinghighefficiency
inthecentrifugal-typecompressorovera,wide”’rarigeofairflows
andtipspeeds,thevaneless-typedlffuker’fiscertaininherent
advantagesoveuthevaried-typediffuser.At thtiimpelleroutlet”
thediswibuticmofvelocities,bpth’inmagnitudeanddirection,
precludesthepossibilityof introducingfixedvaneh”that”wlll
providetheopt@umanglepf,at.tack”foralltiae,incidentairat any
oneoperatingcondition,andchangesin thi,s’angleifithvolumeflow
andtl.pspeedstillfurtherreduce’theprobabilityof’satisfactory
incidence.lioreoverjthepresenceofdiff~servanesneartheimFell,er
outletmayresultinrelativevelocities‘equaltot~at’ofsound,wtth
consequentshocklosses.On theother‘hand,contin”i.iousdiffaeionof
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supersonicclrcl~ferential-velocityCompuneiltsapparentlycan
accomplishedinthevaneleesdif’fu~erandchangesintheflaw

1.426

be
angle,

*

-Intheabsenceofvanes,apparentlywillproduceno seriousincrea&
h diffuserl@8deao ,

Thedesignofvaneleasdif’sueersin~olvestwocloselyrelated
problems.In or~erthatthediffusionmaybe efficientlyaGc0mpli8hed,
thenonuniformF1OW at the ~peller ou-klet shouldbe convertedinto
a steadyflowwitha uni~o~velocityprofilebeforea serious
attemptismadeto redLlce the ~ial e,ndradial co~onentsofvelocfty.
Thistransformationisa functionofthetransitionsection,the
passagefromtheimpelleroutletto thenar~owestpart(throat)of
thediffuserpassage.Thefunctionofthediffuserproperisto
convertthed~amicenergy of’ the advancing flow Intopress’,m?eas
rapidlyaspossiblewithoutincurrir.gflowseparationat themost
adverseoperatin$condition.Becausediffusionofthetangential
componentisessentiallya functionofradialdistanceonly,any
accelerationofthediffusionprocessmustbe effectedby increasing
therateofdiffusionoftheradialandaxial.componentsofvelocity,
thatis,by inc~easingtherateofexpansionoftheflowarea.

An efficient’diffusershouldperformbothoftheseoperations
withthe.smallestpossiblelossesandat thesametime,becauseof
thepe”naltyon.size,inthesmall~estpossiblefrontalarea. Inas-
muchasdetailedinforriationconcerningflowconditionsinthetransi-
tionsectionisla&ing,onlyrathergeneraldesigncrtteriacanbe
setup;forexample,gradualchangesindirectionofthewallsand
gradualchangesfnflowarea~ particularlyfromsmallto largeareas,
Intheabsenceofsatisfactorytheoreticalcriteriaforthedetermj.na-
tion,oftheoptimumrateofdiffusionina vaneles,sdiffuser,the
Opt”lnuzmrateof,areaexpansion,asa firstapproximation,canbe
madethesameforthevanelessdiffuseras theoptimumratefora
stipleconicaldiffuser.Experimentswithsuchdiffusers(refer-
ence1)haveshownthatmaximumefficiencyisassociatedwith
divergenceanglesof5° to8°.

Theanalyticalproblemistherefore:(a)todeterminea transit-
ion profilethat,conformingtotheprecedingcriteria,blends
emoothlywithbothimpelleroutletanddiffuserentrance,ai~d(b)to
fixsuchvs,luesforthedistancebetweenthetwoplatesufthe
diffuserproperthattherateofareaexpansionalonga prescribed
flowpathehallbe thesameas therateofareaexpansionofan
equivalentconehavingtheoptimumdivergenceangle. Whm equatibns
incorporatingtheconditionsontra.mi.tlonanddiffusersectionsare
setup,a variableparametermayremainundeterminedineachcase.
Theoptimumvalueoftheappropriateparameterforeachsectionmay
thenbe experimentallydetermined.
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Themethodusedin,thedesignofthediffusersandtheresults,
intermsaf’cGinprassGr psrf~l’mance, of varyingtheparametersasso-
ciatedwi~:~the-&u.sitionsectlcnandthedifft~serproperare
presented.Five3+inch-d.iametervanelessdiffuserswerestudied.
l%reediffusersweredesignedwiththesametransitio~-section
parameterbutequivalentconear@es of4°,6°,and8 . Thetransi-
tionsectionoftb9diffusershowingthebestperformancewasthe~
somodifiedas togivgfirsta wider,the~.a na~rawer,throatthan
theorigirml,andtheeflfectofthesemodificationswas experimen-
tallyInvestigated.
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SYMBOLS

Thefollowingsymbolsareused:

constantof Integration

specificheatat constant
pound‘F

preesure,foot-poundsper
..

hydraulicdiameter,inches ,,

frictioncoefficient(ratioof shearstresstodynamic
pressure) ..

accelerationofgravity,32.14feetpersecondper
second

passageheightperpendicular

constant

distance

deperidenton ae

measuredalongflow

,.

.-

torearshroud,Inches

path,inches

angularmomentumperunitmess(rUQ)jfeetpersecondx
inches ‘.’ “-’

totalpressure,inchesofmercuryabsolute
,,

P2/Fl compressorpressureratio,ratioof outlettotalpres-
sureto inletta”talpressure ~~

“P staticpressure,inchesofmercury‘absolute.,

%, 1/+ correctedvolumeflow,cubicfeetperminute

.
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Qt,l/~J%2 specificcapacity,cuhjcfeetperminuteper
(l-hereD2 isimpeller-outletdiameter)

No.1426 ●

squarefoot w

R gasconstant,53.4

r radialdistancefrom

rc radiusof equivalent

axis,inches

conesection,inches

rt radiusofcurvaturefortransition-sectionfrontshroud,
inches

l?

t

u

Ua

urn

Ur

v

w

a

P

totaltemperature,OR

Qtatictemperature,‘R

absoluteairvelocity,feetpersecond

componentofairvelocityinaxialdirection,feetper
second(fig.1)

.

meridionalcomponentofairvelocity(normalto Ut
andparalleltorearshroudofdiffuser),feetper k

second(fig.1)

component’ofairvelocityinradialdirection,feet
persecond(fig.1)

componentofairvelocitytangentialtocircleof
r&cliusr, feetpersecond(fig.1)

impellertipspeed,feetpersecond

massairflow,poundspersecond

flowangle(anglebetweenU and UO),degrees(fig.1)

anglebetweendiffuserrearshroudandradialdireckion,
degrees(fig.1)

ratioofspecificheats

half-angleofequivalentconealo~ designpath,degrees

anglebetweenfrontandrearshroudsat impelleroutlet,
tiegrees

‘#

.
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Subscripts:

e

o

14zb 5

ailtaka+icefficiency

raticcfactualinletstagnationtemperaturetoNACA ,
Hte.adardsea-ieveltemperature .,

cent-~actionratiofortransitionsection(he/ho)

airdenstty,poundspercubicfoot

anglebetweenfrontandrearshroudsatdiffuser
er.trance(aftertransitionsection),degrees

entranceto diffusersection(transition-sectionexit)

impelleroutlet(transition-sectIonentrance)

DE?SIGNTEEORY

Thetwophasesofdiffuseroperation,transformationofthe
chaoticflowat theimpelleroutletintoa uniformstreamand
conversionofthekineticenergyoftheradialandaxialcomponents
ofvelocityintopressure,mayconvenientlybe separatelyconsidered,
althoughneithercomponentofthe,diffusercanbe designedindepend-
entlyof theother.Thediffuserproperwillbe consideredfirst;
thentherequirementsfora smoothtransitionsectionfromimpeller
todiffuserwillbe established.

Diffusersection.- Withrespectto thediffuserproper,the
problemas definedisthedeterminationofa diffuserprofilethat
willprovidea rateof increaseofareaalonga predeterminedflow
paththesameas thatofa conicaldiffuserofdivergenceangle 25.
Becauseof compressibility,designingforonlyoneoperatingcondi-
tionispossible.At thisdesigncondition,theairleavesthe
transitionsectionat someangle ae thatisassumedtoremqin
constantthroughoutthediffuser.Thedesignpathisthereforea
logarithmicspiral,ormoreprecisely,becauseofan axialcomponent
offlowinthisinstance,a helixon a cylinderwhosedirectrix
curveisa logarithmicspiral(fig.2). A straightlineequal~
lengthtothearclengthofthehelixformstheaxisoftheequiva-
lentcone. .

At anydistanceZ alongthedesignpath

.

I
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where 2firhsinme istheareaofthedif’fu~erpassa,genormalto
firc2ist“heareaofthocorrespondingsee-theflowdirectionand ,

tionoftneequi~alent,cone.Thequantitiesr, h, and rc are
ailfunctionsof 2.

But

and

Whenequation(1)isdifferentiatedwithrespectto Z,

d(rh) drc
sinCLd~ = rc-n (2)

d(rh) d.(rh)dr d(rh)—-—.
dZ ——=-sinae COS@‘~r dl h

Ifthesesubstitutionsaremadetnoguatiun(2),thevalueof rc is
introducedfromeg.uation(1),andtheequationisrearranged,

whereK isadjustable

Ifequation(3)is

throughitsdependenceon ae.

rewrittenintheform

d(rh)
Kdr= ‘—

/\~h

andintegrated,

Kr= 2@E-c

(3)”

(3a)

where C, a cofistantof integration,dependsupontheprofileand
theheightofthetransitionsection,whichfix he) re~ and a.e.
It isdeterminedby theconditionsthatthe diffuserentranceshall’
havethesameheightasthetransition-sectionexit,andthatthe
twosections,at theirjunction,shallhavecommontangent~titboth
frontandrearshrouds.

—

w
—
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Whenequatl.oa(3n) iasolvedfor h

Equation(4)gives,intermsof c?i.stantstl.atmustbe adJustedito —

thetransitionsection,,thevaluethat h musthaveatallradiiin
orderthattherateofai-eaexpansionalong thedesi~lpathsheilbe
thesameas thatofa coneofhalf-angle5.

~ransitionsectiozi.‘-Primarilybeca~seoftheextremecom-.—
plexityofthe’flowconditionsat theimpelleroutlet,itisdiffi-

.—

cultto imposecmthetranaitignsectionanyinuredefiniterequire-
mentthanthatitshellhavegradualbhangesinboththedirection
ofthewallsandtheflowarea.‘Forsimplicitythi~studyisiirnlted
toa sectionwhosefrontwallisa circulararc,whereastherear
wall,afterturninggraduallytliroughan angleof5° ina radial
direction,cmtinussasa straightline. Tile5°bendwasneces-
sitatedby thedimensionsoftheexg.erimen.talselxup.Therequire-
Inentforsmoothtrmsitionfrcmimpellerto diffuseri,mpliesfive
geometricalconditions: ,,.,,.

(1)Thez’elatlonbetweenpassageheightsat entranceandexit
ofthetransitionsectionraybe exprepsed ~~ ““.

k‘e= Ah. (5)

wliereh ishereregardedas an arbitraryconstantwhoseoptimum
vaiueistobe detei’rninedexperlm&tally. “.

(2)Thefundamer.talequationfor.thedetermination
(equation(4))becomes,at theexitfromth6transition

K2re ~2. ..
he=-r+y+~

e

of h
section

(3,4)Fromthegeometryoftheconfigurationshowninfig-
ure3,

~e - r. = rt(stn6 + sincp)c,osP (6)

and ,,,.

.
he +rt cm cp=’ho+ rt cosc (7)
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Therequi.renentthatthedj.fflmerandtransitionsectl,am
sameslopvat t.%Iif?’acay@ii?’rfUICeyield~

(8)

fourphysicalconditionstobe metarethecontinuityequa-

‘2111”h’iJm
W=LI 144

theadiabaticrelation(appendixA),

P =

theequationforthelossoftotalpressure(appendixB),

(9)

(lo)

(11)

.
—

andtheangular-momer.tumequation(reference2),whichintheprtment
notationbecomes

dM CSCUe dr-— = -f-———.——
M he COBp (12) “

wherethemagnitudeof f isone-fourththema{>~ituieoftmefriction
factorofreference2. Thefactorcos!3appearshereinthe
denominatorbecausetheelementofdesignpathofreference2 is in
a planenormaltotheaxis.

DESIGNPROCEDURE

Thegecmetryoftheimpelleroutlet, aswellaethemeanf~.ow
conditionsandthestateoftheairatthatlocation]is.assumeilto
be known;thatis,thequantitiesr , he,W,To = T2)PO)UO o,
and V aregiven.Rromthesequantities,themeridionalcom~onent
oftheairvelocityUrno and

)
theangle“Go, where .

—

tan = ‘r,o
a. um.,o .
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canbe foundasalsocanthedensityPo. Thesuccessivestepsin
the6esignarethenasfollows:

1.Thevalueof he wasdeterminedfromtherelationhe = Aho.
Theinitialvalueof A wasnecessarilyarbitrary.Forthecondi-
tionsofthisinvestigation,theoptimumvalueof A subsequently
wasexperimentallyfoundtobe approximately0.7.

2.Inasmuchas.sdirectsolutionfortheunknownvariables
leadsto excessivelycomplicatedequations,a trial-and-error
approachismorepracticable,Theqnglecp isnecessarilysmall
becauseofthesmallvaluesof 5. As a firstapproximationtothe
solution,CP maythereforebe assumedequalto O. Equations(6)
and(7’)’thentaketheform ‘

re -ro=Gsinccos13

F&omtheprecedingequations

. ho - he
re - r. = ~ - co~.~ sinC cos13

Thisvalueof re - r. wasretainedand@ laterusedtofindthe
correctedvalueof cp,.

3.Equation(12)wasintegratedfromentrance’to exitofthe
transitionsectiontodeterminetheangularmomentumoftheflowat
thetransitionexit.‘Thisintegrationprovidestherelation

logMe=-f *(re - ro)+ logM. (13)

FYomcontinuityconsiderationsandthegeometryoftheflow

csca
h

= # pru

Themagnitudeof’rUe, andof rU, decreasesslowlythroughthe
transitionsectionwhereasthatof p increasesslightly.The

. magnitudeof (csca)~h wasthereforeassumedtobe constantthrough
thesectionandtheinitialvaluewasused.

I
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4.Thecircumferential,-velocitycompnnentattheexitofthe
transitionsectionwasf’oun~’frwazhsequation

Me
‘eje= ~

5.Whentheva?ueof M fromequation(13),

-f ~s?(r - ro)
M =Moe (14)

.

issubstitutedinequation(11)andtheequati’onintegratedbetween
thelimitsI?.and Pe, thevaluefor Pe isgivenintheform ,.

Inequation(3.5)andthefoll~wtlwequation,anaj?j?r.oxima+evalue :: .’,
of U isneeded.A suffi~elltl-accuratevaluecanbe obtained

8fromtheequationU2 = ~n + Uei ~yu~ingthevalueof Um at the
transition-sectionentrcmce.

6.Thedensity00 at theexitof thetransitionsectionwqs .
foundfromtherelation

.,, ( ):1..322J?e,, U2
P~=m L “—

., 2gcpT

7.valuesof cpand
,,

“a‘canthen’be”calculatedfromthe ““
followingequatione,whicharedevelopedinappendixC: ,,

tanT =B+Gcotae (16)

where

211eCOS ~
B =2tan~c- —

‘e - r.
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and

A trial-end-err~rmethodwasemployedinthesolutionof theseequa-
tions.A valuefor v wasaasmzedandequation(16)was&olved
fcr ae. !These~aivesweretheninsertedinequation(17)and,by
inspect~on,a seconda~prminat?.onto p waschosen,suchas to “
reducetheexi.sti~inequality,andtheprocedurewasrepeate’~.
Ttiseorfuu.rkcialawereusually”suffjcienttogivean identity
forequation,(17j.

.,

8.TheconstantsK and C, wh~chdeterminetheprofileof
the~assage,werethenGbtelnedfromequatiohs(3)snd(fi)jres-
pectively:

and

Thevelueof rt wa~i’cl~id’fromequatton(6) . .

9.As a check,thechannelheightwasthe,ncalculatedfromthe.
twoequations

.’

,.
(4a) “, .;
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.

Thedesigntkoorylsavesw-.dateiminedtheopt~umvaluesof
boththecontractionratio A endtheeq~tval,etitconeangle5.
Itwasthereforedesirablethatthse.~~erim[sntalprograminvestigate
theeffectofvarylrj‘sachofthesepayaaetors.Threevaneless
diffuser~of54-inckdiameterwerebuiltandtested.Foreachof
thesedtffusers,thevalueof h wws0.72andthatof a was26°,
correspondingtothebestimpellerpn?formance.Theequivalentcone
anglesofthethzzeediffuuerswere4U,6°,and6° (fig.4), The
diffuserthatgavethebestperformancetnthssetests(6°equiva-
lentcone)wauthensomodifiedastohaVf3valuesof A, first,of
0.93andthenof0.62(fig.5).

Thesamereardiffuserwallwasusedinallthediffusers,The
magnitudeoftheangle P (Z5*)wasciictatedby thedimensionsof
thetestrig,thecorr~spor,,dinqoutietangleoftheimpellerbeing
about30°. Eventhan,this255a-nglewaaslightlylargeandthe
rearshroudhadtobe curvedforwardforthelast4 inches.The
effectofthiscurvaturenearthedtffu.serexitappearedtobe
negligible.

●

InthediffuserforwhiuhA = 0.S3,thetransitionsectionwas
veryshort;the6°difi’L!sersesbionstartedabout0.7inch,radially,
beyondtheimpelleroutlet.(Seef~-g.5.) qhetra~,~fl.tian~ection
havingA = 0.62 nece~sltatr~dabandoningthedesitwconditionthat
theimpellerfro,ntfihmudandthewallofthetranaltionsectionhave
a commontangt3ntat thetransitionentrance.‘Theentrancepassagewa~
soproportionedthatthei’~sultantairvelocitywasconstantforabout
thefirst3/4inchinthetransitionsection,whichresultedina
relativelyabruptchangeinwalldirection(fig.5).

TablesI to 111showdetailsof’theprofilesofthedifferent
diffusers.

APPARATUSANDTESTS

A variable-cGmponenttestrtg(reference3)waeemployedin
thisInvestigation.Themixed-flowimpellerusedIsshowninfig-
ure6 anda sketchoftheimpellerandthediffuser,infigure7.
Standardinstrumentationwasusedwhereap~licahle.Inaddition,
total-pressuretubes,wh.fchprovideddatafordirectcalculationof
theefficiencyoftheimpeller-diffusercombination,wereinstalled
at thediffuserexit(exoeptinthe4°diffuser).A singletangential
collectoroutletwasusedinsteadoftworadialcollectoroutlets,but
previousinves,tigakionsshowednoappreciabledifferenceinthe
instrumentreadingsforthetwoconfigurations.

.
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Eachdiffuserwasin%etig~tk~”afi’’actualtipspeedsof900,
1100,1200,and1300feetperseqorid(exceptthe4°diffuser,which
wasnotrunat 1300ft/&@c),”’an&thedataweresubsequentlycorrected
to standardatmosphericcondttiona.~.Eor:pachtipspeed,theflaw
rangewasfromopentlzrc%tleto surge. ‘

~mTS ANDDISCUSSION,....,.....,,..
lhthe:comparisonof theperformanceofdiffuserswithdif-

ferentvaluesof contractionrat”$oh andequivalentconeangle 8,
efficiencyatthediffuser,exitratherthanover-allefficiencywas
chosenas themostdirect,practicablemeasureofthediffusereffi-
ciency.Althoughthisprocedureinvolvesthetacitassumptionthat
no changeoccursinimpeller‘performancewiththechangesindiffuser
variables,measurementsoftotalpressureat theimpelleroutiet,
whichwouldallowtheisolati.on,ofdiffuserperformance,are,in
general,ratherunreliable.,,

,,.

El?ficienciesat thediffuserexit-forthethreediffusers
havingA = 0.72 and,equivalent”coneanglesof4°,6°,and8°,
areshowninfigure.8. ,Theadiabaticefficiencywasfoundbj the
procedurerecommendedfordeterminingover-allefficiency(refer-
ence4) exceptthatthearithmeticmean of thetotalpressuresat
fourstationsacrossthediffuserexitwassubstitutedforthe
correspondingquantityat,theoutletmeasuringstation.Forthe
preBentpurpose,efficiencyisplottedagainstioadcoefficient,
inasmuchas thispa~~eter~ beingrelatedtotheflowangle ae?
facilitatescomparison-ofefficienciesat approximatelyequivalent
operatingconditions. .“..,

Inasmuchas total-pressuretubeswere notinstalledat the
diffuserexitofthe4° diffuse~,theimpeller-diffuserefficiencies
werecomputedfroma collec-borcorrelationthat@ve thestatic
pressureatthediffuserexit,andthecalculatedexitvelocities.

Thecurvesoffigure8 indicaterelativelyhighperfmmanco
ofthe6°diffuserathighloads.Thepeakefficiencyofthe6°
diffuserathightipspeedsis.4to 5 pointsabovethatforeither
oftheothertwodiffusers.D generaljthe4°diffuserhasa
definiteadvantageat lowloads.Forthe4° diffuser,a decrease
in’loadcoefficient(andsoof me)belowthevalueformaximum
efficiencyseemstobe associatedwithsmallerlossesinefficiency
thanforthe6°or8°diffuser.At valuesof loadcoefficientloss
thanthedesignvalue,thedeparturefromoptimumflowconditions
inthe4° islessthaninthe6°diffuser,as thetendencyto
increaseu towardsitsdesignvalueisgreaterforthesmaller
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equivalentconeangle.Thepeakadiabaticefficienciesat the
diffuserexitforthethreeequivalentconeanglesandthemedium
throataregiveninthefollowingtable:

Peakadiabaticefficiency

DiffuserI Actualtipqpeed
(ft/see)‘

60 II*84,, .84 I “.83 o*7cJ

8° .85 .80 .77 ●75

Fortheimpellerinvestigated,anequivalentconean@e ofapproxi-
mately6°givesthehighestpeakefficiencyathightipspeedsand
thehighesteff’$cj.encyat thehighvaiuesof loadcoefficient..

Diffuser-exit,efficienciesforthe’6°diffuserw:ththethree
valuesfor.A (0.62,OX72,0.93)areshowminfigur@’9.’“Themedium
throat(X. 0.72) showsappreciab~yhigherefficienciesatmedium
andhighloadsat alltipspeedsthaneitheroftheothers,Inthis
connectionitmaybe,recalled‘thatthenarrowthroatmadeitimpos-
sibletoretainatthefrdntshroudthecomqon tangenttothe
impelleroutletandtransitionentrance,anddeteriorationofthe
flowathighloadcoefficientmightbe anticipated.’”Atlowload
coefficient,thenarrowthroatquiteconsistently6howshighereffi-
cienciesthanthemediumorwidet&o’atsat thesamevalueof load
coefficient.

Thefollowingtableshowsthepeakefficienciesatth~diffuser
eXitforthethreevaluesof A usedInthisinvestigationwiththe

“diffuserhavinga 6°equivalentconeexpansionangle:
.,,

‘Peakadiabaticefficiency

A’ Actualtipspeed “,
(ft/see)

900 1100 1200 1300
0.62 0;81 0.78 0,77 0.71
.72 .84 .84 .83 .79
,93 .81 .81 .78 ,75
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.,
Judgedonthebasisof..peakefficiencyandefficiencyatmediumand
highloadcoefficient;thetransitionsection.liavinga valueof A
of0.72givesthebestresultsofthethreeinthepresentsetup.

Theover-allperformance,ofthecompressorusingthe6° dif-
fuserwith A = 0,72is showninfigure10..Yressureratiosare
plottedagainstcorrected.vchmeflowinaccordancewithrecom-
mendedprocedure(reference5)withadiabaticefficienciesshown
as contourlines.Figure11 comparestheover-allperformanceof
thecompressorwhenthe6°,medium-throat(A= 0.72),vaneless
diffuserwasusedwiththeperformanceofthesameimpellerwith
themanufacturersvarieddiffuser,at actualtipspeedsof 600and
1100feetpersecond.I?ressuresat thestandardmeasuringstation
intheoutletpipewereusedin computingtheseefficiencies.Data
forthevarieddiffuserwereobtainedonthesamerigandby the
sametechniquesas thosefortheinvestigationofthevaneless
diffusers.Thewideroperatingrangeofthevanelessdiffuserat
reasonableefficienciesisapparentatbothtipspeeds,andpeak
efficienciesarehigherwiththevaneless diffuserby about
6 pointsandoccurat somewhathigherloadcoefficients.

Amore extensiveinvestigationusingdifferenttypesof
impellerwouldbe requiredtodeterminewhethertheseresultsare
generallyvalid.Inparticular,theobservedvariationsinper-
formancewiththetrueflowanglea indicatethattheoptimum
coneangleinthetransitionsectionwouldprobablybe different
foran impellerhavinga differentflowangleat thedesignpoint.

.

SUMMARYOFRESULTS

A diffuser-designmethodwasinvestigatedwithfivevaneless
diffusersin combinationwitha mixed-flowimpellerina variable-
componenttestrig. Thefiveimpellersincorporatedthreedif-
ferentthroatheightsandthee differentratesofareaexpansion
(equivalentconeangles). Thedesignmethod,whichleftthroat
heightandrateofareaexpansional parametersto be experimentally
determined,resultedincompressorefficiencies,equaltoorbetter
thanthoseshownby thevarieddiffuserdesignedforthisimpeller
andretainedthecharacteristicallywideoperatingrangeofthevme-
lessdiffuser.Thediffuserwiththe6°equivalentconeangleanda
throat-inletratioof0.72wasfoundtohavethehighestefficiency,
stout0.63at thediffuserexitat actualtipspeedsof 900to
1200feetpersecond.Throughoutmostoftheusefuloperatingrange

.

.
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APPENDIXA
,.

DERIV~IONOFEQUATIONFGRAIRDENSITY
.,
Fromthegaslaw,

P ~&

therelationbetweentotalandstaticpressure,

andtherelationbetweentotalandstatic

‘Z.(l $ )-—,,‘-/ 2~cPT

an expressionfordensityc,anbe obtained

temperature,

.. ..

,.,.
,..,,, . ..

(18)

(19)
,.”,

(20).,,.,

intermsoftotalpressnre,
temperature,andvelocity;Substitutioninequation(18)of the
valueof p fromequation(19)andthatof,t fromequation(20)
yields -

2.53 .. -
P =“~

.( )m’$— - ~gcpT

.:.

.

.“,
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APPENDIXB .,

DERIVATIONOFEQUATIONI’ORTOTAL-PRESSURELOSS

Thepressurelossrequiredto overcomefrictionalresistance
canbefoundfromanextendedformofBernoulli’sequationcontaining
a frictionterminadditiontothecllstomarytermsforpressureand
kineticenergy.

Theequation,developedinreference6 inslightlydifferent
notation,is

.
~“+UdU+ 4fU2d2. 0
P g 2gD

ltromthegeneralgaslaw P’= p/Rt,
for P yields

and’substitutionofthisvalue

‘ 4fU2dZ
-~

Therelationbetweentotalandstaticpressures

$=(1-%3?:“
whendifferentiatedlogarithmicallyyields

>,

Q
P

=- Y
Y -1 ()2UdU2gcpT

1
U2-—
2gcpTj

Ifthisequationismultipliedthroughby Rt, ifthevalue cp/R
issubstitutedfor y/(7-1),andiftherelationbetweentotaland
statictemperatures,

t ~ U2-=.. —
T 2gGpT

.

.

.

isintroduced,theequationbecomes
.
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Bernoulli’sequationcanthusbewrittenintermsoftotalpressure

For’thevanelessdiffuser

dl = dr csccL/cosP

M2 2& =,—
?/

sec a

“’(’-G)
and

D=2h

Substitutionofthesevaluesgives

dP f cscu s“ec2a, M2dr
T=--’~” ‘hRI!”

()
r2 1

U2
- — Cosp2gcpT

.,.

.

.

..

,.
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APPENDIXc
,,.,

DFRIVATIONOFEQUATIONSFOR c~ AND ae

Thetwoequationstn ~ and,a.ecanbefoundasfollows:

Eliminationof

‘e

rt

re

Solvingfor ho

ho-~=

=

-ro= rt(sinc + sincp)c0E3,13 (6)

ho -he= rt(cos~ - cos$) (7a)

resultsin

- r. (Binc+ sing) cos13—- -—
k‘e -hO - Cosc?- Coe c

- ~ yields

re-r
,.

. Ocoscp-cosc-— .
Cosp sincp+ Gin c

.[

,.
-r- 1’2 sin~(rp+c)sin~’(cp:c)

‘e o
Cosp,. 2 Sin;(r?+c)Cos@-..c) ,“

J

-t&njjc
‘e - ‘o
~ tanQ= .

re - r. , -tan~~
— —.—
Cosp

l+tan2.~ctin~c?u

Forconvenience,let

A=~+tall ~ctan~v

then
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Becausecpisa smallangle,

2i10A C06~ 2heA GOS~
tancp=2tan*c- +,.

‘e-rore - r.

21

Fromequation(9)

h ‘144W ‘ i&4w
e.=2firepe~,e ‘=e~ cotae

and

‘e”El,e = ‘e ,
Substitutionofthesequantitiesin’theequationfor tan~ results
in

2hoA COSP
tanCp=2tan *c- + 144WA COS~ cotCLe

‘e - ‘o fiMePe(re- ro)
,,.

Ihallactualcases,A willbe verynearlyequaltounity.For
example,if e = 20° and w = 1° then $ tan~E tan~is 0.0015so
that A differsfroml.,byonly.O.15percent.AfterusingA = I as
a firstapproximation,a moreprecisevaluecanbe foun~ljif desired)
after cpislmownbiitthisrefinementis ingeneralunnecessary.

If A istakenequalto 1,theequationfor tanq c=.beWitten

tancp=B+Gcotme (16)

where “ ..

. 144WCos pG = —-----m~~im
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ThequantitiesB and G canbe foundandgiveoneofthetwoeqca-
tionsin cp and ae.

Thesecondequationinvolvingcpand Ue isobtainedfrom
equation(4a).Substitutinginitthevaluesof h fromequa-
tion(9),of K frcmequation(3),andof C fromequation(8)
yields

144W 2retan2b
%Mp tanae = 4 ain3ae COE12~

~e2

(

2 tan25

.)
4 tancp.—

‘q sin3 cLeCOS2.p Cos.p

and,afterdivisionby re andrearrangement,
.. ,.

144Wcotae tan28.—— =
2* re ,.sin3ae C0S2 i

,. ,,——

Ytan5’ ‘ 2 tan28’ ~~ 4 tan~’ ,+

q

-— (17)
2 8in3ae cos~ sin2a.e

~oi2
B
‘Fb:

,,, ,,
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TABLEI - PASSAGEHEIGHTSTEROUGHDIFFUSERSWITH

DIFFERENTEQUIVALENTCONEANGLE@

j Passageheight,h
iRadiue1 (in.)
to rear *
shroudIEquivalentconeangie,5

I (in.)

5.350
5.519
6.000
6.290

L

6.700
7.000
7.500
8.000
9.000
10.000
11.000
12.000
13.000
13.500
17.000

.—. —
4

‘T8G
.782
.699
.632
.574
.564
.5’49
.535
.517
.503
.492
.485
.480
.478
.474

(deg)

6

t
8-

0.806 CI,806
.782i .782
.699] .699
.632 .632
.579\ .584
.576I .588
-.----.-------
.571 .605
.570 .624
.572 .646
.577 ,666
.584 .692
.593I .717
.598 .729
.6S6 .820

NationalAdviso~yComuittee

.

forAeroca~tics



. ?IAC.ATNNo.1426

.

TABLE11 - RADIITH%GE DII?FUSERS%tTHDIFFERENT

,,

,.‘pRadiustorear
=Wotid
(in.)

. .

.

J

. . .. .

si35@
5.519
,6.000
6.290
6.700
7,000
7.500
8..000
9,.000
10.000
11.000
12..000
13..000
13.“500——

EQUIVA~NTCONEANGIJKS

T=F”’ ‘can“’~iaa’”us’””“an:0frontrediustofrontradius,tofrontradius
3hroud

I
(in.) shroud

u
1(in.) ‘shroud

(in.) (in.) 1. ,, . tn.),
Equivalentconeangl+e,‘5..-.

,@I

5.762
5.907
6-~1~
“6.557
,6.943
7...238
7.732”
‘8.227
9.218”
10..212
11.208:
12.205
13.203
13’.702

.,.

=--&
5.762

5.713 5.907
6..1566.313
‘6.423 6.557
6.822: 6.945
7“.119‘7.244
?..616--------
.8‘.113 8:2-41
9.,109 9.241

1

1’O:1O610.242
11.104,11.244
12.102S2.247
13:101.13:251
13.6oi“13:753

:) ~ ,,. .

5.556 5.762
5.713,,5.907
6.156 6.313
6.423 6.557
6;822‘6.947
7.122 7’.2a9
--’---- --....---
8.L2Cl‘8.256
9.120 9;264
10.12i10:27-2
11.i,2’211.2E!2
12.12312.292
13”.:12s”’,13,~93
13.62613.808”

5.556
‘5.713
.6,156
6.423
.6.823
7.125
-------
‘8.128
“9.132
10.156
Ii.141
12.146
13.151
13.654

25
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TABLEIII- PASSAGEEC31GHTSANDRADIITHROUGHDIIKFUSERS

WITHDITFERENTTHROAT-I- RATIOS

L;,;m;xmtofrontheight’tofrontheight

. . ● (i:.)

(in. ) Contractionratio,A———
0.62 0,72

5.519 5.907 0.782 5.9Q7,0.782
6:000 6.223 .522 6.313 .699
6,290 6.507 .500 6.557 .632
6.700 6.911 .498 6.945 ,579
7.000 7.210 .497 7.244 .576
7.500 7.709 .496 --------- --------
8.000 8.210 .496 8.241 ,571
9●000 9.211 .500 9.211 .570
10,000 10.213 .506 10.242 .572
11.000 11.217 .513 11.244 .577
12.000 12.221 .523 12.247 ,584
13.000 13.225

I
.53313,251 .593

13.500 13.?28 .539 13,753 .598
17,000 .-.-..--. .-------.-”.M-. .631

o,
’77=
6.322
6.608
7.013
7.310
7.806
8“,303
!3.299
10.297
11.297
12.298
13.300
13.800
.-”-----

3
.0.782
.763
.753
.747
..735
.725
.717
708

.:703
.702
,.704

●709
..712

.-----

,.

NationalAdvi~oryComnittee
forAeronautics
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Figure 1. - Velocity relations in vaneless mixed-flow diffuser.



Fig. 2 NACA TN F/o. 1426
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Figure 2. - Vaneless mixed-flowdiffuser showing constant angle of
logarithmic-spiral flow path and height of diffuser passage.
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Fig. 3
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Figure 3. - Layout of diffuser entrance and transition section.
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(bJ Bottom view.

Figure 6. - Mixed- fJow impeller used in diffuser investigation.
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